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for ptx3), its genomic organization (three exons rather than two as for CRP and SAP), chromosomal localization (3 rather than l), and, more importantly, in vitro expression. hptx3 is induced by lipopolysaccharide (LPS), IL-I, and TNFa, but not IL-6, in a variety of cell types, including HUVEC, fibroblasts, hepatocytes, and monocytes, and, unlike SAP and CRP, is not restricted to hepatocytes.'.' Here we report the genomic and cDNA cloning of mouse ptx3 (mptx3) and characterize its expression and production. mptx3 is very similar to its human homologue (hptx3). During an acute phase response induced by LPS, mptx3 is expressed in a variety of organs, most prominently in the heart and skeletal muscle, unlike SAP, which is produced only in the liver. Thus, ptx3 shows a distinct pattern of in vivo expression indicative of significance in cardiovascular and inflammatory pathology.
MATERIALS AND METHODS
The following cell lines were used as described: the UV-2237M-Cl3 (hereafter referred to as C13)'" and the mFS6-M4 (hereafter referred to as M4)" fibrosarcoma cell lines and the fibroblastic NIH-3T3 cell line from ATCC, Rockville, MD; the myoblastic C2C12 cell line,'* kindly provided by Dr M. Boucht (Istituto di Istologia, Universita "La Sapienza," Rome, Italy); the polyoma middle T (PmT) transformed endothelioma cell lines bEND, tEND, SEND," H5V, B9V, ElOV,I4 PY4.1," FB-B, FB-H," the normal endothelial cell lines MAE, MHE, MBE." and the LMec and B-Mec endothelial cell lines (a kind gift of Dr G. Grau, Geneva, Switzerland). Thioglycollate (TG) elicited peritoneal macrophages were prepared as previously described." The COS clones containing sense and antisense human ptx3 cDNA in the pSGS expression vector were grown and characterized as previously described. ' The fibrosarcoma cell line 838719 was cultured in minimal essential medium (Seromed, Berlin, Germany) and 10% fetal calf serum (FCS). All culture reagents contained less than 0.125 ng/mL LPS, as determined with the Limulus Amoebocyte Lysate assay (Microbiological Associates, Walkersville, MD). Cells were stimulated with IL-I p (3 to 20 ng/mL) (courtesy of Dr A. Tagliabue, Dompi?, L' Aquila, Italy), 500 U/mL TNFa (BASF/Knoll, Ludwighafen, Germany), or 20 ng/mL LPS ( E coli 0S5:B5, Difco, Detroit, MI).
The genomic library was a kind gift of Dr E. Garattini (Istituto di Ricerche Farmacologiche "Mario Negri," Mi- Ian, Italy). It consisted of mouse 129/Sv spleen DNA partially digested with Sau 3a and cloned in the Xho I site, after modification, of the A FIX I1 vector (Stratagene, La Jolla, CA). A total of 4 X lo5 plaques were screened with the 3zP-labelled human ptx3E fulllength cDNA as probe, obtained as described6 according to standard procedures.
Twenty-one plaques showing a strong hybridization signal were picked and rescreened four times to obtain single clones and later on were found to contain one single genomic clone of approximately 24 kb insert length.
Details on the interspecific testcross population of 106 male (C3WHe X M.spretus X C57BL/ 65, (CfS)B6 mice have already been reported." A total of 225 genetic markers were mapped in the (C3S)B6 population. The loci were identified using restriction fragment length polymorphisms (RFLPs), multilocus and minisatellite probes that detect multiple bands, and by polymerase chain reaction (PCR) based analysis of simple sequence length polymorphism (SSLP) loci;' as described? ' The marker loci D3Mit3 and D3Mit9 were identified by PCR amplification of genomic DNA from (C3S)B6 population using the appropriate oligonucleotide primers." HmgI4-rsS was identified by hybridization of Southern blot of TaqI digested DNAs from (C3S)B6 population with the probe pM14C."
PCR was used to search length polymorphisms in the Ptx3 gene among the three parental strains. A total of 75 ng of genomic DNA from each parental strain was suspended in PCR mix containing: 1 x PCR buffer, 1.5 mmoVL Mg++, 200 pmollL of each d N " , 0.5 U of Taq Polymerase (Roche Molecular System, Inc, Branchburg, NJ), 0.5 pCi (a3*P)dCTP (3,000 Cdmmol) and 2 pmol of specific primers (5'-TTGTGAAAATCTACTTGAAGCC-3' from position 1249 to 1270 and 5'-AAATI'ACACAACTACCTTCTCC-3' from position 1749 to 1770; see Fig 1B) derived from the mptx3 cDNA sequence to amplify a fragment of 470 bp in the 3' UTR region of the Ptx3 gene. The final volume was 12.5 pL. Samples were subjected to 25 cycles consisting of denaturation at 93°C for 25 minutes, primer annealing at 58°C for 30 minutes, and chain elongation at 72°C for 30 minutes.
A genetic linkage map was constructed by multipoint analysis of the data using the MAPMAKEREXP pr~gram.'~.'~ Genetic distances were computed using Haldane's mapping function. Linkage between markers was considered significant if the LOD (Logarythm of the Odds) score was more than 3.
Total RNA was isolated from C13 cells stimulated for 4 hours with 20 ng/mL IL-lp and 500 U/mL TNFa. Poly (A+) RNA was further purified by affinity chromatography on oligo (dT) cellulose. A cDNA library was constructed in the A-ZAP I1 vector (Stratagene, La Jolla, CA) as described.6 A total of 60,000 plaques were transferred onto nitrocellulose membranes in duplicate by standard procedures and screened as described! Fourteen plaques were found to hybridize with the 3' specific probe, five plaques were found to hybridize with the 5' specific probe, and only two plaques were found positive for both probes and were subsequently screened three times to obtain single clones.
A total of 10 pg of the monophage recombinant DNA were digested with several restriction enzymes and blotted onto nitrocellulose membranes. To obtain a probe containing the first and second exons of human ptx3, the plasmid ptx3E6 was digested with Sac11 and the 500-bp fragment isolated. To obtain a probe containing the third exon of human PTX3, we have used the partial clone ptx3/A described previously! Hybridization with 3zP-labelled probes was performed overnight at 42°C in 50% deionized formamide, 4 XSSC, 1 X Denhardt's solution, SO mmoUL phosphate buffer pH 6.5, 0.1% sodium dodecyl sulfate (SDS), and 100 pg/mL salmon sperm DNA. Two SacVSacI fragments (no. 2 and no. 5) were identified as specific for the first and the second exon following 
Southern analysis.
further restriction and subcloning in the pBluescript vector. One EcoRI fragment was identified as specific for the third exon and subsequently restricted and subcloned in pBluescript.
RNA was extracted and purified using the guanidine/isothiocyanate (Merck, Darmstadt, Germany) method as described previ0usly.2~ Probes labelling and hybridization conditions were as previously de~cribed.'~ The following oligomers were purchased from Integrated DNA Technologies, Inc, Coralville, IA: the 5' forward CTCCAGCAATGCACCTCCC (19mer) and the 3' reverse 'ITCTCCAGCATGATGAACAGC (2lmer) corresponding to position 92 to position 110 and from nucleotide 273 to nucleotide 293, respectively, of mptx3 cDNA sequence. The forward is a sequence coded by the first exon and the reverse by the second exon.
A total of 1 pg of total RNA was reverse transcribed with random primers and subsequently amplified for 30 cycles according to standard procedures. The amplified fragment of 200 nucleotides was resolved in agarose gels in the presence of ethidium bromide. C57BY6 mice were injected intravenously (IV) with 30 pg LPS in 0.2 mL saline. At different times, three animals per experimental group were killed, their organs pooled in 50 mL conical tubes and lysed in 5 mL of guanidine-isothiocyanate solution, and mechanically disrupted with a bench top homogenizer. Total RNA isolation, electrophoresis conditions, and hybridization were as described above. The @actin probe has been previously and the rat SAP cDNA probe (prSAP1) was a kind gift by Dr S. Bruce Dawton, (School of Medicine, Washington University, St Louis, MO).
In situ hybridization was done using the method described previously?' Radiolabeled 'H-cDNA probes were prepared by in vitro transcription from T3 and T7 RNA polymerase promoters in pBluescript containing the 1280-bp HindIIVHindIII genomic subclone containing most of the third exon sequence as indicated in Fig 1A. The antisense probe for ptx3 was prepared by linearizing this plasmid with Xba I. For preparation of the sense strand probe, the plasmid was digested with Bam HI. In vitro transcription and labeling of RNA probes was performed as described." Tissue sections to be hybridized were processed essentially as
The rat anti-hptxf GP-1 (IgG 2a), cross-reactive with mptx3 was used for Western analysis, essentially as described. ' The sequences were screened against the EMBL Data bank" using the FASTA p r~g r a m ,~' as implemented on the EMBnet computer resource.32 Screening of the SWISS-Prot protein sequence data bank33 and detailed sequence analysis were performed with the PC/Gene sequence analysis package (IntelliGenetics, Mountain View, CA).
The secondary structure was predicted for the region preceding the pentraxin domain in mptx3 using a combination of different approaches encoded in SPETOR (Zhu and Blundell, submitted), SAPIENS,34 PHD,35 the LEEDS sequence analysis pa~kage,'~ and aligned sequences of mptx3 and hptx3. SPETOR incorporates knowledge about tertiary structural constraints on the secondary structure f~rmation,~' while SAPIENS uses knowledge about structural environment-dependent amino-acid substitutions in homologous proteins.38 PHD uses the neural network technique. The LEEDS package incorporates nine different schemes such as Chou-Fasman and GOR methods. A consensus prediction is obtained using the criterion that, in a given residue position, at least three of the four prediction schemes should result in the same prediction. A threedimensional model for the penraxin domain in mptx3 was generated from the high resolution (2 A) crystal structure of human SAP" using the rule-based procedure, COMPOSER"".41 incorporated in SYBYL 6.1 (Tripos Inc, St Louis, MO). In this procedure, the aminoacid sequence of the pentraxin domain in mptx3 was aligned with RNA extraction and Northern analysis.
PCR ampl$cation.
In vivo expression.
In situ hybrrdization.
Western analysis.
Sequence analysis and structure prediction.
use only. that of SAP. The conserved regions, which include almost all the @-strands and an a-helical segment, were modelled on the SAP structure and the structurally variable regions were modelled using a database search for fragments in known three-dimensional struct u r e~.~~ The spatial proximity of two cysteine residues (not conserved with SAP) in the loop regions was exploited to select an appropriate fragment that permits formation of an unstrained disulphide. Side chain conformations were predicted using a set of 1,200 rules based on the conformers in equivalent residues in SAP or from a rotamer library, depending on the nature of substitutions and the type of secondary str~cture.~' Energy minimization of the model was used to relieve short contacts and rectify inconsistencies in stereochemistry.
RESULTS

Genomic cloning, chromosomal localization, and cDNA
To clone the genome of mptx3, we cloning qf mptx3. screened approximately 400,000 plaques of a spleen-derived Sau3a-digested genomic library with the human full-length cDNA probe.6 Twenty-one plaques were found positive, which was representative of one recombinant phage, containing an insert of approximately 24 kb. On Sac I digestion, which cuts at both ends of the insert, five bands were detectable in gel electrophoresis. These were blotted and hybridized with a hptx3 cDNA fragment, corresponding to the first and most of the second exon.6 Only two bands were found positive (no. 2 and no. 5 of 6.0 kb and 1 .O kb, respectively), subcloned and partially sequenced as shown in Fig 1A. The sequence of the Bum-Sac subclone of band no. 2 ( Fig 1A) could be aligned perfectly with the nucleotide sequence of the hptx3 first exon.h Similarly, the sequence of band no. 5 was shown, by alignment, to include the remaining portion use only. of the first exon, the first intron, the second exon, and the 5' portion of the second intron (Fig IA) .
In addition, EcoRI digestion of the phage showed one 4.5 kb fragment which hybridized with the 3' portion of the human cDNA.h representative of the 3' half of the third exon (Fig IA) . Two overlapping portions of this fragment (EcoRIPstI and Hind 111-Hind 111) were subcloned and partially sequenced as shown in Fig IA, and found, on alignment with the human nucleotide sequence, to contain the 3' end of the second intron and the entire third exon including the putative polyadenylation signal (data not shown).
Thus, the characterization of the murine genome of ptx3 indicates that the mouse gene is encoded by three exons in a similar way to that of hptx3. It also shows that the exon/ intron boundaries are exactly at the same positions in the two genes6 (see below).
To localize the genomic locus for mptx3, we first searched for a length polymorphism in the 3' untranslated region (UTR) of the gene by PCR-based analysis between the M sprerus and the C3H/He and C57BU6J mice. Oligonucleotides were designed in the 3' UTR (see Materials and Methods and Fig 1B) . Such polymorphism was found in that the M sprerus allele was slightly longer than the expected 470-bp seen in the other two strains. The M sprerus and the C3WHe derived alleles showed the expected 1 : 1 segregation pattern. We analyzed the segregation of the M spretus poly-1865 morphic fragment in the (C3S)B6 population (a representative example of the segregation is shown in Fig 2A) , and we assigned the ftx3 locus to murine chromosome 3. Figure  2B shows the linkage map obtained for chromosome 3 with distance and recombination fractions between couples of adjacent markers expressed as genetic distances in centimorgans. Prx3 locus maps 11.3 CM proximal to D3Mir9 in a region that is similar to human chromosome 3q (q24-28)" In agreement with our results, the human genomic locus HPTX3 had been previously localized on human chromosome 3q25.h
To obtain the complete cDNA for mptx3, we constructed a cDNA library from poly A(+) RNA purified from the C13 line stimulated for 4 hours with IL-l and TNF. Only two of 200.000 plaques contained the entire cDNA. The two phages were subcloned and found to contain an identical 1,841 nt long cDNA after complete sequencing of the two strands, as shown in Fig IB. The putative start codon is at position 1 0 0 preceded by 99 nt of S' untranslated sequence. The TAA stop codon is at position 1243 followed by 598 nt of a 3' untranslated region containing a canonical polyadenylation signal, as underlined in Fig I . Alignment with the human cDNA shows an overall 82% identity that is maintained along the 1145 nt of the open reading frame, as well as the S' and 3' untranslated regions (data not shown). In addition, alignment of the cDNAs con- 
The predicted protein sequence of 381 amino acids is shown in Fig 1B. Although the full-length cDNA starts with an open reading frame, the most 5' methionine residue is likely to be the one that is effectively used, as it fits the Kozak consensus sequence45 (Fig l e ) . Furthermore, this methionine is immediately followed by a typical signal peptide sequence (underlined in Fig 1B) as predicted according to the method of von Heijr~e.~'
As previously reported for hptx3, mptx3 also shows a significant alignment between the COOH-terminal portion of the protein from the cysteine at position 179 to the COOH terminus and the other sixteen cloned members of the pentraxin gene family (data not shown). In particular, the "pentraxin consensus ~ignature"~' and the two half-cystines at positions 210 and 271 (which maintain the same positions in all cloned members of the pentraxin are indicated in Fig 1B. The alignment of the predicted protein sequence of mptx3 with hptx3 shows that 312 of 381 amino acids are identical (82%), and 35 1 are substituted by similar residues (92%) in the two proteins (data not shown). Sequence and structure analyses of the N-terminal portion and of the C-terminal pentraxin-like domain, coded by the third exon of the gene, were then conducted.
The N-terminu L portion: Sequence ana Lysis and structural predictions. A search in the data bank of protein sequences for homologous or analogous sequences resulted in no significant hit for the full-length of 178 residues in the portion preceding the pentraxin domain. However, three sequences (apart from hptx3) analogous to a part of this portion were identified: the TNF a inducible human b94 protein,'" secretin from Sus Scrofa, Bos Taurus, and Cavia Porcellu?" and human transforming protein HST/KS3 (HST, human stomach tumor; KS3, Kaposi's Sarcoma 3)'' An alignment of the sequences of mptx3, hptx3, and potential analogues is shown in Fig 3. Many aligned positions after position 70 are similar. Sequence identity between mptx3 or hptx3 with these analogues, varies from 22.9% (between hptx3 and b94) and 33.3% (between mptx3 and hbg4).
Crystal or nuclear magnetic resonance (NMR) structures of b94 protein and human transforming protein are not yet known. Secretin belongs to the glucagon family and the secondary structure, assigned by NMR,'*,'' is a-helical between positions 116 and 122 and between 128 and 137 ( Fig  3) . The intermittent linker region takes up a helical turn conformation resulting in a overall longer helix-like structure. The NMR structures of similar proteins, glucagons4 and growth hormone releasing factor,55 and the crystal structure of glucagon5' have highly helical structures.
Comparison of secretin with either mptx3 or hptx3 does not involve any insertion or deletion in these regions, and it is likely that the equivalent region of mptx3 and hptx3 adopts a helical conformation.
Secondary structure prediction (Fig 3) indicates a largely a-helical conformation, including the signal peptide region between 1 and 17. The region from 109 to 135 (Fig 3) is also predicted as helical, supporting the prediction based on m m a m m * a m e a a e e   ~~~o a~o 1 a 0 1 0 1 a m , 2 e a m a m a a a m = m a a m a , , the alignment with secretin. Segments that link contiguous helices are likely to be short, except the one around 40. wherein many polar residues and prolines are present.
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The pentruxin-Like domain: Sequence analysis und structurd prediction. Figure 4 shows the alignment of the pentraxin domain of mptx3 and hptx3 with three classical pentraxins, human SAP, human CRP, and hamster SAP and Fig  5 shows a model based on the crystal structure of human SAP.39 Conservation of the pentraxin signature sequence occurs between 93 and 100 (SAP numbering). The calcium binding sites, hydrophobic pocket residues, and the residues involved in the interprotomer recognition in the pentamer are also indicated.
Comparisons of sequences of mptx3 and hptx3 with SAP, CRP, hamster SAP, and Limulus CRP" show that they are almost equally related to ptx3 variants, with Limulus CRP being the member nearest to ptx3 (Fig 4 and data not shown) . In mptx3 almost all the &strands and the a-helical segments of SAP are conserved, but the helix in mptx3 is likely to be slightly shorter because of the presence of two contiguous glycyl residues near the C-terminus.
The only disulphide bond in SAP is formed between halfcystines at positions 36 and 95. These Cys residues are conserved in mptx3 (as in all known members of the family) and result in a disulphide bond. The Cys residues at positions 5 and 177 of mptx3 (SAP numbering) are positioned close enough to form a good disulphide bond.58 This disulphide is conserved in hptx3. Figure 5 shows the fold of mptx3 with the two disulphides. . , S L P L~T~~~~~S L L V~~~~.~-~Y~L I I -Q~~~~~ § I :~~~I :~-) . P -P P P P P P P B ~R B + P P P P P P b B 4 PRBBBR 4+81988BR C I k L h P P P P a L n y i i i g~V i i k p l r i r P B P B I P P P P
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I a n ? Two further Cys residues in mptx3 are adjacent at positions 139A and 139B (SAP numbering) and are situated in an exposed loop (Fig 5) . It is probable that they are involved in disulphide formation. Formation of a disulphide between two Cys residues adjacent in sequence is extremely rare, as it requires a strained cis peptide bond and significant deviation from planarity of the When it occurs, it is usually associated with the function of the protein as in acetylcholine receptof ' and in methanol dehydrogenase.62
In ptx3, it is more likely that the Cys residues are involved in interdomain or in intermolecular cross-links. For example, there are four Cys residues at positions 9, 47, 49, and 103 in the helix-rich portion preceding the pentraxin domain (Fig  3) . One of them (at 9) is situated in the signal peptide region. The remaining three Cys residues are predicted to be exposed either in a loop region or at the helix termini, and they may form disulphides with the adjacent Cys residues of the pentraxin domain. The most likely candidates are Cys47 and Cys49 (Fig 3) .
The calcium-binding sites in SAP are the backbone carbonyl at 136 and side chains at Asp58, Asn59, Glu136, Asp138 and Gln148 (SAP numbering) (Fig 4) . These side chains are replaced in mptx3 by Pro58, Tyr59, Glu136, Asn138, and Leu148 precluding calcium binding. It is not yet known if ptx3 binds to metal ions. The hydrophobic pocket residues in SAP, Leu62, Tyr64, and Tyr74 are replaced by Gln62, Tyr64, and Gly74 in mptx3; hence, the mode of recognition of ligands by ptx3 would be different from classic pentraxins.
Some of the residues at the interface of two protomers in pentameric SAP (Fig 4) are conserved or conservatively variant, such as Val 4 Phe at position 10 and Pro -+ Pro at position 12. But, many residues are completely different; for example, Val -+ Thr in 115, Lys + Thr in 116, Lys -+ Val in 117, and Gly -+ Glu in 118. Insertion or deletion occurs in some of the interprotomer regions such as around position 40 and position 196. These observations imply that ptx3 is unlikely to form a pentamer.
Two fibrosarcoma cell lines (C13 and M4) and the normal fibroblastic 3T3 cell line responded to 6 hours exposure to IL-l/TNF with an increase in mptx3 message, as shown in Fig 6A (and data  not shown) . Neither undifferentiated proliferating myoblastic C2C12 progenitors nor the in vitro derived terminally differentiated myotubes showed message under baseline conditions, as for the cells studied at different times during the differentiation, but a strong signal for mptx3 was induced on exposure to IL-1, in both undifferentiated and differentiated cells, which peaks after 6 hours exposure (Fig 6A and data  not shown) .
No message could be seen in a panel of nine PmT transformed murine endothelioma cell lines either in the absence or in the presence of activating cytokines (data not shown). When five normal endothelial cell lines were studied, a clear
In vitro expression
of ptx3 mRNA was observed on IL-I and TNF exposure only in the lung-derived L-Mec line (Fig 6A) . In anology with what is observed in the human,' mptx3 mRNA is not present in unstimulated macrophages, but is rapidly (2 hours) and transiently induced on LPS exposure (Fig 6A) . Thus, mptx3 is inducible by inflammatory signals such as LPS, IL-I, and TNF in a broad variety of cell lineages with similar rapid and transient kinetics.
To investigate the production of mptx3, we took advantage of a rabbit antiserum and of a monoclonal antibody (MoAb) (GPI) raised against the recombinant human protein, crossreactive with mptx3 (data not shown). By Western analysis, we detected mptx3 in the supernatants of resting and stimulated (IL-I and TNF) M4 cells. A clear band of the expected MW of 42 kD was visible already in the untreated cells, but its intensity clearly augments ( I O times at the densitometry scanning) on cytokine stimulation (data not shown).
C57BI/6 mice were injected IV with 30 kg LPS, killed 4 hours after the inoculum, and their organs extracted. A strong message for mptx3 is evident in the heart and in the limb muscle (Fig 6B) . A much weaker signal is also visible in the lung, ovary, and thymus. On the contrary, spleen, skin, kidney, intestinal wall and, most notably, liver are all negative even after prolonged exposure Of the blots (Fig 6B and data not shown) ' As can be Seen in Fig 6B, a strong signal for SAP, the prototypic acute phase reactant in the mouse, is detectable only in the liver, as expected.6'.ffl By reverse transcriptase (RT) PCR, ptx3 induction was detectable in the liver (data not shown). When male and female mice of similar age were compared, no significant difference could be found (data not shown), thus ruling out possible gender effects as described for hamster SAP.6s
Expression in vivo.
The expression of mptx3 was also studied at later times after LPS injection, but no significant signal could be found (data not shown), thus confirming in vivo the rapid and transient nature of ptx3 expression.
In situ hybridization. In sections hybridized with a sense-oriented strand (negative probe controls) and in sections of tissue from animals injected with saline alone (treatment controls), only minimal grain frequency was observed, and this was distributed evenly over the entire section (data not shown). Tissues obtained from animals exposed to LPS for 4 hours and hybridized with radiolabelled, antisenseoriented riboprobe encoding mptx3 exhibited a distinct pattem. In both skeletal muscle and heart tissue, a highly restricted subset of cells exhibited a strongly positive hybridization signal (Fig 7) . The positive cells were distributed evenly throughout the tissue. The muscle fibers themselves were uniformly negative. The positive cell types generally exhibited an elongated morphology, and in some cases, were interconnected to one another in long arrays that appeared to correspond to the microvasculature (Fig 7) . These results strongly suggest that the predominant cell type responsible for ptx3 expression in response to LPS in vivo are vascular endothelial cells lining the capillaries, arterioles, and/or venules within striated muscles. Several tissues, which were negative for mptx3 expression when examined by northem hybridization, were also examined using the in situ hybridization technology (data not shown). These included liver and kidney. The liver tissue was essentially negative, while occasional positive cells were observed in the kidney. Positive cells in the kidney appeared to be within the extensive microvasculature of this organ. The frequency of positive cells in these organs was very low as compared with that seen in either the heart or skeletal muscle samples. Thus it appears that LPS can induce mptx3 mRNA expression in vivo from selected populations of microvascular endothelial cells.
DISCUSSION
Here we describe the isolation of the genomic clone and full-length cDNA of mptx3 and characterize its in vitro and in vivo expression. mptx3 is organized in three exons: the first codes for 43 aa including the signal peptide, the second use only.
For personal at PENN STATE UNIVERSITY on February 23, 2013. bloodjournal.hematologylibrary.org From for a 135 aa domain with no high similarity to known sequences (except for hptx3), and the third for a 203 amino acid domain with sequence similarity to pentraxins. The pentraxin-like domain maintains the two Cys residues at positions 179 and 271 and a canonical "pentraxin consensus signature" (H-x-C-X-S/T-W-X-S).~~ Ptx3 is localized on mouse chromosome 3, in a region that is homologous to the human chromosome 3q (q24-28), in agreement with the documented localization of HPTX3 in region 3 q25. 6 Overall, mptx3 is remarkably similar to hptx3 in terms of gene organization, localization, and sequence.6 Specifically, sequence identity is 82% between the human and mouse gene, which reaches 92% when conservative substitutions are considered. The high degree of sequence similarity between human and mouse ptx3 is reminiscent of the "classical" pentraxins that have been highly conserved in evolut i~n .~ No homologous or analogous sequences have been found for the complete N-terminal portion, while three sequences were identified that show some analogy to a portion of this domain; they include TNF-inducible human b94 protein, secretin, and human transforming protein HSTKS3. The Nterminal portion is predicted to be predominantly a-helical. It is of interest that secretin, a member of the glucagon family whose secondary structure has been determined in part by NMR, is also predominantly a -h e l i~a l .~* .~~
The crystal structure of the human SAP pentame8' defines a tertiary fold of antiparallel p-strand jelly roll topology reminiscent of legume lectins, animal S-type lectins, and some bacterial enzymes.57 The sequence of the pentraxin domain of ptx3 is accommodated well on the tertiary fold of SAP with almost all of the P-strands and the a-helical segment conserved. An a-helix segment between 166 and 174 (SAP numbering, see Fig 4) buries the residues in a pstrand formed by the pentraxin signature sequence, H-X-C-X-S/T-W-X-S, between 93 and 100 (SAP numbering); this motif is conserved in PTX3.
Two calcium ions bound to SAP, on an exposed P sheet face, bind directly to methyl 4,6-0-( 1 -carboxyethylidene)-P-D-galactopyranoside (MOPDG) or phosphoethanolamine (PE). The binding of MOPDG is facilitated by a hydrophobic pocket formed by the residues Leu62, Tyr64, and Tyr74. Our analysis has shown differences in the calcium binding sites, hydrophobic pocket residues (therefore ligand binding sites), and in residues involved in interprotomer recognition, indicating a different binding role. Consistent with this prediction, we found that the ligand binding properties of ptx3 differ from those of CRP and SAP and include complement components (Bottazzi et al, unpublished data) . Preliminary evidence also suggests that ptx3 forms covalently linked multimers (Bottazzi et al, unpublished data) .
A variety of mouse cell types, including normal and transformed fibroblasts, some endothelial cells, undifferentiated and differentiated myocytes, and mononuclear phagocytes, expressed mptx3 mRNA in response to the inflammatory cytokines IL-1 and TNF. Transcript expression was associated with release in the supernatants of a mature protein of approximately 42 kD.
Injection of LPS, used as a prototypic inflammatory signal and inducer of the acute phase response, caused rapid expression of mptx3 in a variety of organs. Using a polyclonal antiserum directed against recombinant TSG-14 protein, Lee et a19 recently found induction by LPS in serum of immunoreactive TSG-lWptx3. Unlike SAP, the main acute phase response pentraxin in the mouse: confined to the liver, mptx3 was most abundantly expressed in the heart and in skeletal muscle. In situ hybridization analysis suggests that, under these conditions, while muscular cells are negative, endothelial cells are a major cell type expressing mptx3. High levels of mptx3 expression in the heart were also detected in preliminary experiments in a model of myocardial infarction (data not shown). Thus, mptx3 shows a pattern of in vivo expression distinct from that of classical pentraxins, with prominent involvement of vascular endothelium in organs such as the heart and skeletal muscle. The role and significance of ptx3 in cardiovascular and inflammatory pathology deserve further study.
Recently other genes with a carboxy terminal pentraxinlike domain were cloned, including guinea pig ape~in,~'.'~ Xenopous XL-PXN1 and two neuronal pentraxins, one from rat69 and one from man.'" In all cases, the molecules show N-terminal domains of length comparable to ptx3, but very poor alignment among them~elves.~.~' Ptx3, therefore, represents the first isolated member of a family of "long pentraxins" (when compared with the classical CRP and SAP) in which a pentraxin module is coupled to distinct and unrelated N-terminal domains. Unlike classical pentraxins, long pentraxins can be expressed at extrahepatic sites.
